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The effect of masker spatial variability and masker fringe on the perception of a 
brief tone in noise was investigated in a detection task. Simpson (2011) found large 
effects of spatial variability (randomizing masker locations from trial to trial) in a masked 
localization experiment, as well as two effects of masker fringe (masking noise before the 
onset of the target): 1) cuing the masker location (spatial cuing effect) and 2) temporally 
separating the onset of the  masker and the onset of the target (onset effect). In contrast, 
in detection studies, the effects of masker spatial variability are small (e.g., Bernstein & 
Trahiotis, 1997) and the possibility of a spatial cuing effect has not been directly 
examined. However, onset effects of similar magnitude to those observed by Simpson 
have been reported (e.g., McFadden, 1966). To determine whether these differences in 
the effect of masker variability between localization and detection could be attributed to 
the fact that in localization experiments there is also trial-to-trial variability in the target, 
we conducted a detection experiment via headphones using a 2 Masker Variability 
(variable & fixed) x 2 Target Variability (variable & fixed) x 2 Masker Fringe (no fringe 
& fringe) factorial design. We used a 60-ms, 500-Hz sinusoidal target and a 60-ms 
Gaussian noise masker (and a 500-ms Gaussian noise masker fringe in the fringe 




time difference (ITD) of the fine structure. We found little effect of masker variability, in 
agreement with previous detection studies, and the presence or absence of target spatial 
variability did not alter the pattern of results.  Because the effect of masker variability 
was small, there was limited opportunity to observe a spatial cuing effect, but there was 
an onset effect of fringe that was of similar magnitude to that observed in previous 
detection studies.  In the binaural detection literature, the onset effect is large under 
dichotic conditions than dichotic conditions.  Similarly, the onset effect we observed 
varied significantly with the spatial separation between the target and the masker, being 
small when the target and masker were collocated and large when they were widely 
separated.  Various explanations for the results were considered. Spatial transition 
appears to be a reasonable explanation for the detection results, but not for localization; 
and segregation appears to be a reasonable explanation for the localization results, but not 
for detection. Although the data in the literature on the overshoot effect are somewhat 
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Impact of Spatial Variability and Masker Fringe on the Detectability of a Brief Signal 
Simpson (2011) was interested in the impact of spatial variability and onset 
asynchrony on the localization of a wideband, click-train target in a wideband noise 
masker. He found that when the masker and target were pulsed on and off together (the 
“pulsed” condition, Figure 1a), randomizing the location of the masker from trial to trial 
reduced target localization accuracy in the Left/Right dimension, such that the signal-to-
noise ratio (SNR) had to be increased by 10.0 dB to achieve localization performance 
equivalent to the case in which the location of the masker was fixed and known 
throughout a block of trials. Similar but smaller effects were observed in the Front/Back 
and Up/Down dimensions, 3.3 dB and 4.6 dB, respectively. Simpson argued that spatial 
variability of the masker made it more difficult to separate it perceptually from the target, 
so that target-localization errors increased. This effect of masker spatial variability was 
largely mitigated (SNR could be lowered by 7.8 dB) when a preview of the masker 
location was provided 500 ms before the presentation of the masker and target (the “Cue” 
condition, Figure 1b). Performance was further improved in both the variable masker and 
fixed masker conditions (by 4.8 dB, on average) when the preview was presented 
immediately before the masker and the target, that is, without the 500-ms gap (the 
“Fringe” condition, Figure 1c). Simpson argued that the 500-ms onset asynchrony 
between the noise and the target in this fringe condition temporally separated the activity 
associated with the onset of the target from the activity associated with the onset of the 




masker. And so, Simpson concluded that a masker fringe has two effects: 1) the spatial 
cuing effect – reducing effects of masker spatial variability, and 2) the onset effect – 
temporally separating the masker and target onsets.  
Similar questions regarding spatial variability and masker fringe have been 
examined in detection experiments. In fact, Simpson’s (2011) study was motivated, in 
part, by the binaural detection literature on masker fringe (e.g., McFadden, 1966; Yost 
1985).  
 
Figure 1. Masker configurations in Simpson (2011). In each panel, the upper trace shows 
the target, and the lower trace shows the cue, fringe, and masker stimuli. Panel a) depicts 
the “pulsed” condition, in which the masker and target pulsed on an off together. Panel b) 




ms before the masker and target (Simpson referred to this as the “Gap” condition). Panel 
c) depicts the “Fringe” condition, in which a 500-ms preview of the masker was 
presented immediately before the masker and target. 
Spatial Variability 
 Simpson (2011) reported a large effect of randomizing masker location from trial 
to trial (i.e., spatial variability). However, the few detection studies that have examined 
spatial variability have found much smaller effects. For example, Fan, Streeter, and 
Durlach (2008) examined the impact of masker spatial variability on target detectability 
using a set of three simultaneous, dichotic, narrowband, noise maskers and a diotic, 
simultaneous, narrowband, noise target (statistically identical to the maskers). Masker 
locations were either fixed and known throughout a block of trials or were randomized 
from trial to trial by selecting 1 of 10 sets of triplet maskers (note, each set included three 
different interaural time delays [ITDs; one for each masker], which were selected without 
replacement from a set of eight ITDs). Masker ITDs were never within ±200 µs of the 
target ITD (i.e., 0 µs), thus forming a “protected zone” around the target. They observed 
a 0.7-dB effect of masker spatial variability. Bernstein and Trahiotis (1997) examined the 
impact of spatial variability on the detectability of a 500-Hz pure tone target in broadband 
noise. Spatial variability was created by randomizing the ITD of the entire masker-plus-
target waveform (i.e., the “distance” between the masker and the target remained constant 




was small (but statistically significant), 1.5 dB with a 25-ms target and a 35-ms masker 
and 2.7-dB with a 125-ms target and a 145-ms masker.  
Although these studies used different stimuli and designs, they yielded similar 
low estimates of the impact of spatial variability. These estimates are much smaller than 
the 10-dB effect observed in Simpson’s (2011) localization study. This could simply 
indicate that the impact of spatial variability is different for localization and detection or 
may be due to other methodological differences among the studies (e.g., target duration, 
target bandwidth, and target spatial variability) as discussed below.  
The detection studies examining spatial variability did not directly consider the 
impact of masker fringe.  In Fan et al. (2008), the masker and target were turned on and 
off together (i.e., no masker fringe).  Bernstein and Trahiotis (1997) used brief (5 ms and 
10 ms) forward (immediately preceding the target) and backward (immediately following 
the target) fringes, which could possibly have functioned as spatial cues to the location of 
the masker. The small effects of spatial variability were slightly less (by about 1 dB) with 
10-ms fringes relative to 5-ms fringes. However, fringe duration and target duration were 
confounded (i.e., the 10 ms fringe was always paired with the 125 ms target duration and 
the 5 ms fringe was always paired with the 25 ms target duration). So, because the effect 
of spatial variability was small in these studies (0.7-2.7 dB) and the presence of masker 
fringe was not systematically varied, it is difficult to know with certainty whether masker 




variability. Nevertheless, it is reasonable to conclude that any spatial cuing effect is likely 
much smaller than the 7.8-dB effect reported by Simpson (2011). 
Onset Asynchrony   
Simpson (2011) found that performance was better in the fringe condition relative 
to the Pulsed condition (4.8 dB) even when the masker location was fixed and known 
throughout a block of trials.  That is, there appeared to be a benefit of the masker fringe 
beyond cuing the location of the masker.  He referred to this additional benefit of the 
masker fringe as the “onset effect,” noting the fringe acted to separate temporally the 
onset of the masker from the onset of the target.  Two areas of research within the 
detection literature seem related to the onset effects that Simpson observed, research on 
masker fringe and research on temporal masking. Masker fringe studies compare 
thresholds between pulsed and fringe conditions similar to those of Simpson’s. Temporal 
masking studies compare conditions in which the target is presented near the beginning 
of the masker (as with the Pulsed condition, but typically with a “fringe” following the 
masker as well) to conditions in which the target is, for example, presented near the end 
of the masker (similar to the Fringe condition). However, the finding from these areas are 
somewhat contradictory. Binaural detection research on the impact of masker fringe has 
routinely shown a binaural fringe effect of 5-9 dB (i.e., detectability increased with the 
addition of the fringe) under dichotic conditions, but little fringe effect under the diotic 
conditions (e.g., McFadden, 1966; Robinson & Trahiotis, 1972; Yost, 1985). On the other 




effect of delaying target onset (i.e., increase in detectability when the target was 
presented near the end of the masker rather than near the beginning of the masker) under 
monaural or diotic conditions (Zwicker, 1965; McFadden, 1988; Simpson, 1995). But, 
the findings in the literature for dichotic conditions are somewhat mixed. McFadden 
(1988) observed a negligible effect of delaying target onset under dichotic condition, 
whereas Simpson (1995) observed about a 4-dB effect. 
Current Experiment 
The effects of masker spatial variability observed in the detection literature are 
small compared to the effects that Simpson (2011) observed in a masked localization 
task. There are a number of possible explanations for the observed difference: 1) In a 
localization task, even when the location of the masker is fixed, the location of the target 
still varies from trial to trial. That is, the localization task “requires” a certain level of 
spatial variability.  Perhaps, masker spatial variability and target variability interact in 
such a way that the effects of masker spatial variability are much larger when target 
spatial variability is also present. Detection studies examining other stimulus parameters 
have observed a small interaction between masker and target variability. Spiegel and 
Green (1982) found that the effect of masker waveform variability was greater when the 
frequency of the target was also randomized from trial to trial (4-dB effect of masker 
variability) relative to when it was fixed and known throughout a block of trials (3-dB 
effect of masker variability). 2) In the detection studies considered here, the target is low 




Simpson’s study was conducted in the free field, whereas these detection studies 
presented sounds through headphones (Fan et al., 2008, filtered with head-related transfer 
functions in some conditions). It is possible that information other than the ITDs typically 
varied in detection studies was the basis of listeners localization judgments in Simpson. 
Perhaps interaural level differences (ILDs) and direction dependent spectral shape 
information in higher frequency regions or the comparison of information across 
frequency regions is more easily disrupted by masker spatial variability. However, this 
seems unlikely given that Simpson found the largest effects in the Left/Right dimension 
and Left/Right judgements are typically thought to be dominated by low-frequency ITDs 
(Wightman and Kistler, 1992). 3) Localization requires a spatial judgment, whereas 
detection does not necessarily. Perhaps this spatial judgment, or the underlying 
processing supporting it, is more easily disrupted by spatial variability.  
The current study focuses on the first of these possibilities, that is, the impact of 
target variability.  In addition, we examined whether separable spatial cuing and onset 
effects of masker fringe can be observed in a detection task. We manipulated Masker 
Fringe, Masker Variability, and Target Variability in a factorial design. We expected that 
when the target location was variable, we would observe effects of Masker Fringe and 
Masker Variability similar to those observed by Simpson (2011; i.e., a large effect of 
Masker Variability and both effects of Masker Fringe – the onset effect and the spatial 
cuing effect). We expected that when the target location was fixed, we would observe 




detection literature (i.e., little effect of Masker Variability and a 5- to 9-dB effect of 
Masker Fringe – that is, an onset effect of fringe, but not the spatial cuing effect).  These 
predictions correspond to interactions between Target Variability and Masker Variability 
and between Target Variability and Masker Fringe.  Finally, consistent with the binaural 
detection literature, we expected that the onset effect of fringe would be small under 
diotic conditions and increase as a function of spatial separation between the masker and 
the target (i.e., an interaction between masker fringe and spatial separation).   
Method 
 We measured detection thresholds in a 2 (Masker Fringe) x 2 (Masker Spatial 
Variability) x 2 (Target Spatial Variability) factorial design. The two Masker Fringe 
conditions examined were: 1) the masker was pulsed on and off with the target (Pulsed 
condition; Fig. 1a), and 2) the onset of the masker occurred 500 ms prior to the onset of 
the target and the stimuli were gated off together (Fringe condition; Fig. 1c). The two 
Masker Spatial Variability conditions examined were: 1) the masker location was fixed 
throughout a block of trials (MF), and 2) the masker location was varied randomly from 
trial to trial (MV). Similarly, the two Target Spatial Variability conditions examined were 
target location fixed (TF) and variable (TV). 
Subjects  
The current study employed 5 listeners (3 females and 2 males), who were 22-33 
years-old (M = 27, SD = 3.74). All listeners were tested to ensure that they had normal 




of the listeners were chosen from members of a subject panel at Wright Patterson Air 
Force Base, which is composed of long-term, part-time listeners compensated at an 
hourly rate. The fifth listener was the author. All listeners had previously participated in 
sound localization and/or detection experiments.   
Apparatus  
 Listeners were seated in individual Industrial Acoustics Company sound-
attenuating booths. Each booth was equipped with a Dell Precision Workstation T1700 
computer with Matlab software, a Fireface UCX audio card, and a pair of Sennheiser 
HMD 280-13 headphones (300 Ω) to administer the task and deliver the stimuli. Two 
stations with the same system configuration (booth, computer, sound card, and 
headphones) were used to conduct the experiment. Both systems were calibrated with a 
500-Hz pure tone (target frequency) to ensure the output levels in all headphones were 
equal.  
Stimuli  
Target and masker. The target was a 500-Hz pure tone with a duration of 60 ms, 
including 5-ms on/off ramps (Matlab BLACKMAN function). On each trial, we generated 
a 560-ms Gaussian noise (Matlab RANDN function) at a sample rate of 50 kHz. The noise 
was up-sampled by a factor of 20 (Matlab RESAMPLE function), allowing interaural 
delays to be introduced with 1-µs resolution, down-sampled to the original sample rate, 
and then filtered using a 4th -order bandpass Butterworth filter with cutoff frequencies of 




the generated noise was windowed to have a duration of 60 ms, including 5-ms on/off 
ramps and was temporally aligned so that its onset and offset were synchronous with 
those of the target. In the fringe condition, the noise was windowed to have a duration of 
560 ms, including 5-ms on/off ramps, and was temporally aligned so that its onset 
occurred 500 ms before that of the target and its offset was synchronous with that of the 
target. The interaural time delays (ITDs) and windowing were implemented such that the 
delays were present in the fine-structure of the target with no interaural onset or offset 
delays.   
Locations. The spatial locations of the stimuli were manipulated by applying one 
of 13 ITDs (see Table 1), which were chosen to create spatial images that were 
approximately equally spaced perceptually and spanned the interaural axis within the 
head, based on Yost’s (1981) lateralization data at 500 Hz. The ITD of the masker fringe, 
if present, was always the same as the ITD of the following masker. For clarity, each 
location is referred to by its corresponding ITDs in positive (right side of head) or 
negative (left side of head) microseconds (µs), and a specific masker and target location 
configuration is referred to by its masker and target ITDs (e.g., M-667T112).  
 






A single-interval Yes/No task was employed. Each trial began with a 100-ms 
green warning signal, followed by a 150-ms pause, and then by a 560-ms observation 
interval (the masker, and the target if present, occurred during the final 60 ms of the 
observation interval; the first 500 ms of the observation interval was silent under the 
Pulsed conditions and contained the masker fringe under the fringe condition). After the 
observation interval the listeners responded at their own pace by pressing the “C” key on 
the keyboard for “Yes,” if they believed the target had been presented, or the “M” key for 
“No.” The a priori probability of the target being presented was 0.5. After the response, 
correct-answer feedback was provided for 560 ms, which was followed by a 250 ms 
inter-trial interval before the next trial began. 
We used the Single-Interval Adjustment Matrix (SIAM) adaptive staircase 
procedure to estimate the 75% correct threshold for each block (Kaernbach, 1990). 
Before each block began, repeating sample trials that alternated between target present 
and target absent were presented (same experimental condition as the current block). 
These sample trials served to familiarize the listener with the stimuli for the block. 
Listeners did not respond to the sample trials. The listener could listen to an unlimited 
number of sample trials and pressed the “C” or “M” key on the keyboard to begin the 
staircase procedure. The starting level of the target was 8 dB above the expected 
threshold (based on the results of the preliminary experiment described below) and was 




adjustment levels were multiplied by a step size and added to the current target level to 
determine the target level for the next trial. The initial step size was 2 dB, which was 
reduced to 1 dB after the second reversal. Each block ended after 14 reversals and the 
threshold was computed as the average of the levels that led to the last 10 reversals. 
A block took about 3 minutes to complete. Short breaks were administered 
between blocks (45 seconds after every block; at least 5 minutes after every 4th block).  
Listeners completed either one 30-minute session or one 60-minute session per business 
day depending on their availability. There was a two-week break due to holidays, during 
which no sessions were conducted. 
 
 




Within a block of trials, the masker was either fixed (presented from the same 
location on each trial) or variable (presented from a different, randomly-selected location 




levels of spatial variability: Fixed Masker/Fixed Target (MFTF), Fixed Masker/Variable 
Target (MFTV), Variable Masker/Fixed Target (MVTF), and Variable Masker/Variable 
Target (MVTV). The Masker Fringe condition (pulsed and fringe) was also held constant 
within a block. In the MFTF conditions, thresholds were calculated as the average of 2 
adaptive tracks for each of 12 selected masker/target spatial configurations (the procedure 
used to select the 12 configuration is described in the Appendix). In addition, we 
measured thresholds for the M0T1000 spatial configuration (i.e., the N0Sπ configuration), 
allowing direct comparison to equivalent conditions in the binaural detection literature. 
So, a total of 26 blocks were conducted for each listener under the MFTF condition 
([12+1] target/masker configurations x 2 tracks) for both the pulsed and fringe 
conditions. In the MFTV conditions, a fixed masker location was selected from 5 possible 
locations at the beginning of the block (M-667, M-182, M0, M182, or M667), and the target 
location was randomly selected on each trial from the set of 13 possible target locations. 
A total of 20 blocks were conducted for each listener under the MFTV condition (5 
masker locations x 4 tracks) for both the pulsed and fringe conditions. In the MVTF 
conditions, a fixed target location was selected from 5 possible target locations at the 
beginning of the block (T-667, T-182, T0, T182, or T667), and the masker location was 
randomly selected on each trial from the set of 13 possible masker locations. A total of 20 
blocks were conducted for each listener under the MVTF condition (5 target locations x 4 
tracks) for both the pulsed and fringe conditions. In the MVTV condition, masker and 




13 possible locations. A total of 20 blocks were conducted for each listener under the 
MVTV condition for both the pulsed and fringe conditions.  
Preliminary experiment. In the experiment proper, under the variable conditions 
the location of the masker (MVTF), the location of the target (MFTV), or both (MVTV) 
were randomly selected on each trial. So, the difference between the ITDs for the masker 
and the target also varied randomly from trial to trial.  These variations in ITD difference 
would normally lead to substantial variation in detectability due to the binaural masking 
level difference (MLD). Because our focus was on the impact of variation in spatial 
location, rather than the impact of variation in detectability, we adjusted the level of the 
target on each trial to compensate for the estimated MLD for the particular ITD 
difference presented, thereby keeping detectability approximately constant and equal to 
the detectability for the M0T0 configuration (obviously, detectability still changed as 
governed by the SIAM adaptive staircase procedure). 
In a preliminary experiment, we measured thresholds for 13 (the 12 selected MFTF 
configurations and M0T1000) target/masker spatial configurations and used them to 
estimate the MLD for each of the 169 possible masker/target spatial configurations. This 
was done individually for each listener in both Masker Fringe conditions. The estimation 
procedure is described in the Appendix. 
Training. Listeners received training at three points during the study: 1) before 
the preliminary experiment, 2) after the two-week holiday break, which occurred during 




points, listeners completed 2 tracks of each of the 12 selected configurations plus the 
M0T1000 configuration under the MFTF condition in both Masker Fringe conditions. 
Listeners were not trained in the variable conditions because those conditions were not 
included in the preliminary study. At the third point in time, listeners completed 2 tracks 
of each configuration under the MFTV condition (5 fixed masker locations [M-667, M-182, 
M0, M182, M667] with randomized target locations), 2 tracks of each configuration under 
the MVTF condition (5 fixed target locations [T-667, T -182, T0, T182, T667] with randomized 
masker locations), and 10 tracks under the MVTV condition in both Masker Fringe 
conditions. Because listeners had extensive experience with the MFTF conditions from the 
preliminary experiment, they only received minimal additional training on the MFTF 
conditions before the main experiment began (two tracks each of M0T0 and M-667T0 
configurations under both Pulsed and Fringe condition). 
Results 
 Average thresholds for the 8 conditions are shown in Figure 2. MFTV, MVTF, and 
MVTV thresholds (in each Masker Fringe condition) are the average estimate of 20 
thresholds (see Procedure subsection) for each listener and then averaged across listeners. 
The MFTF thresholds shown are the weighted average of the estimated thresholds for the 
169 masker/target configurations (i.e., weighted by the number of times each 
masker/target configuration was actually presented to each listener in MVTV condition). 
The estimated thresholds were derived from the average of the two measured thresholds 






Figure 2. Threshold is plotted for the various spatial variability conditions in both Masker 
Fringe conditions. White bars represent the MFTF condition, light grey bars represent the 
MFTV condition, dark grey bars represent the MVTF condition, and black bars represent 
the MVTV condition. Error bars show ± 1.0 SE across subjects. 
 
in the preliminary experiment), using procedures described in the Appendix. So, the 
MFTF thresholds in Figure 2 are directly comparable to the MVTV thresholds. Properly, 
MFTF comparisons with other variable conditions (MVTF and MFTV) should also be 
weighted based on the configurations actually presented in those conditions (e.g., when 
comparing MFTF and MVTF conditions, threshold for MFTF should reflect the average 
estimate of the 65 configurations used in the MVTF condition). In fact, this weighting 
made little difference (less than 0.1 dB), so these bars are not shown.  
The range of mean thresholds across the 8 conditions is 1.2 dB. The results of a 3-




Masker Variability [fixed, variable] x Target Variability [fixed, variable]) are 
summarized in Table 3. There was one significant main effect (Masker Variability) and 
no significant 2-way or 3-way interactions. Note, however, that despite the significant 
effect, the average difference between fixed and variable masker conditions is only about 
0.4 dB.  
 
* p < .05 
In the binaural detection literature investigating masker fringe (e.g., McFadden, 
1966; Yost, 1985), both the location of the masker and the location of the target were 
fixed within each block of trials, and so, to compare our finding to that literature we 




(without the adjustment to equalize detectability) is plotted as a function of ITD 
difference (the difference between the masker ITD and the target ITD in µs) for the 
pulsed and the fringe conditions. Note, because multiple spatial configurations have the 
same ITD difference (see Table 4) the plotted thresholds are averaged across those 
configurations, as well as across subjects. On average, threshold in the Pulsed condition 
was 4.6 dB higher than that in the fringe conditions, but the magnitude of this effect 
varied as a function of ITD difference.
 
Figure 3. Threshold in the MFTF condition is plotted as a function of ITD Difference (the 
difference between the masker ITD and the target ITD in µs) in both Masker Fringe 
conditions. Triangles and solid lines represent the Fringe condition. Circles and dashed 





Note. Multiple configurations have the same ITD difference between masker and target. 
 
We conducted a 2 x 7 (Masker Fringe [pulsed, fringe] x ITD Difference [0 µs, 
182 µs, 364 µs, 485 µs, 667 µs, 847 µs, 1000 µs]) repeated measures ANOVA to 
examine the effects of Masker Fringe and ITD Differences on detectability. There was a 
significant main effect of Masker Fringe (F (1,4) = 30.22, p = .005, η
2
P = 0.88) indicating 
that thresholds were lower in the fringe condition, a significant main effect of ITD 
difference (F (6, 24) = 76.50, p < .001, η
2
P = 0.95) indicating that thresholds generally 
decreased as ITD difference increased, as well as a significant interaction between 
Masker Fringe and ITD Difference (F (6, 24) = 5.28, p = .001, η
2
P = 0.57) indicating that 
the onset effect varied significantly with ITD Difference. Note, the fact that we did not 
observe a signficant effect of Masker Fringe in the results shown in Figure 2 was partially 
due to the procedure used to equalize detectability. That is, this pocedure roughly 
normalized the thresholds for all masker/target spatial configrations to the threshold for 
the M0T0 configuration. This was done seprately for Pulsed and Fringe conditions, so the 




for the M0T0 configuration (about 1.0 dB), unless there had been an interaction between 
ITD difference and Masker Variability and/or Target Vaiability. 
We also conducted a 2 x 2 (Masker Fringe [pulsed, fringe] x Spatial 
Configuration [M0T0, M0T1000]) repeated measures ANOVA to specifically examine N0S0 
(M0T0) and N0Sπ (M0T1000) configurations. These are the configurations that have most 
often been examined in binaural detection studies. There was a significant interaction 
between Masker Fringe and Spatial Configuration (F [1, 4] = 8.45, p = 0.04, η
2
P = 0.68). 
The effect of Masker Fringe (i.e., the difference in thresholds between the pulsed and the 
fringe conditions) was greater in the N0Sπ configuration relative to the N0S0 configuration. 
Post hoc pairwise comparison analyses revealed a significant 5.3-dB onset effect under 
the N0Sπ configuration (Tukey HSD, p < .05), but an insignificant 1.0 dB onset effect 
(p > .05) in the N0S0 configuration. In addition, the MLD (i.e. the difference in masking 
between N0S0 and N0Sπ configurations) was 4.3 dB greater in the Fringe condition than in 
the Pulsed condition (p < .05).   
Discussion 
Our hypotheses about spatial variability and spatial cuing (in the TV conditions) 
were not supported by the results: 1) there was not a significant interaction between 
Masker Variability and Target Variability in the 3-way ANOVA, that is, there was little 
effect of Masker Variability in either the TF or TV conditions; 2) there was little spatial 
cuing effect, that is the there was little effect of masker fringe in either MF or MV 




interaction between Masker Fringe and Target variability in the 3-way ANOVA, that is, 
there was little effect of Masker Fringe in either the TF or TV conditions. However, when 
the MFTF data were analyzed without the adjustment to equalize detectability, our 
hypotheses regarding the onset effect were supported: 1) there was a moderate onset 
effect comparable to observations in the detection literature and in Simpson’s localization  
experiment; and 2) thresholds generally decreased as a function of ITD difference and the 
onset effect generally increased as a function of ITD differences.  
Effects of Spatial Variability 
Overall, we observed little effect of spatial variability on target detectability. The 
effect of Masker Variability was statistically significant, but only 0.4 dB. The small effect 
of spatial variability we observed was of similar magnitude to the effects that others have 
reported for detection tasks (0.7-2.7 dB; Bernstein & Trahiotis, 1997; Fan et al., 2008), 
but much smaller than what Simpson (2011) observed in a localization task (10.0 dB).  
Arguably, there was substantially more spatial variability in the Simpson (2011) 
experiment than in any of the detection studies. Whereas in the current study and most 
studies in the binaural detection literature, the target stimuli were low-frequency, 
narrowband, and only varied in laterality (most often by varying ITD with headphone 
presentation), Simpson’s stimuli were wideband and presented in the free field where 
they could vary in the Left/Right, Front/Back, and Up/Down dimensions. Simpson used 
over 15,000 potential masker/target configurations (239 masker locations by 64 target 




masker locations by 13 target locations). Fan et al. (2008) and Bernstein and Trahiotis 
(1997) each employed only 10 masker/target configurations. Because Simpson’s 
localization task was conducted in the free-field and the locations of the sound sources 
varied in azimuth and in elevation, there were multiple spatial cues (ITDs, ILDs, 
monaural spectral cues, and binaural spectral cues), all with numerous possible values 
that varied randomly from trial to trial. Finally, recall that we equalized detectability 
across masker/target configurations. In Simpson’s experiment, not only was there trial-to-
trial variation in multiple spatial cues, but substantial trial-to-trial variations in 
detectability, due not only to binaural interaction, but also to frequency dependent 
changes in monaural SNR because of head shadow and pinna effects (e.g., see Zurek, 
1993).  
Note, however, that Simpson (2011) observed the largest effect of spatial 
variability in the Left/Right dimension. Wightman and Kistler (1992) found that 
localization in the Left/Right dimension is dominated by ITDs in the low-frequency 
region, even when other conflicting cues were present. That is, our variations of low 
frequency ITDs should be representative of the major cue governing the Left/Right 
coordinate of Simpson’s listeners’ responses. And so, it seems unlikely that the much 
greater impact of masker spatial variability in Simpson’s experiment can be attributed to 
the larger number of source locations and spatial cues varying in his experiment.   
Bernstein and Trahiotis (1997) suggested that the effect of randomizing ITDs (i.e., 




the width of the distribution of interaural parameters, not on its average value (e.g., the 
mean ITD). Recall in their study, target ITD and masker ITD were randomized together, 
and so, the width of the interaural distribution should stay about the same even as the 
average of the distribution changes from trial to trial. In the current study, we randomized 
the masker location and target location independently, that is, the width of the 
distribution varied from trial to trial. If listeners were basing their detection judgement on 
the width of the distribution of interaural parameters, we might expect to have observed 
an increased in the effect of spatial variability relative to Bernstein and Trahiotis; but, we 
did not. 
Although the width of the distribution of interaural parameters seems like a viable 
cue in a binaural detection, it does not seem like a viable cue for localization. The 
Left/Right component of the localization judgement is more likely to be related to the 
mean of the distribution of interaural parameters. Introducing masker variability and/or 
target variability would lead to trial-to-trial variability in this mean value. And so, we 
would expect greater impact of spatial variability in a task based on the mean of the 
distribution of interaural parameters (localization or lateralization) than we would in a 
task based on the width of distribution of interaural parameters (detection). 
Whatever the cues are that support localization and detection judgments, they are 
likely different. In Simpson’s (2011) case the listeners had to choose the perceived source 
location from 239 loudspeaker locations. This spatial response requires processing and 




shape) in detail. The binary detection judgment is nonspatial and could rely on a single 
cue.  In binaural conditions, this cue may (e.g., Hafter, 1971; Bernstein & Trahiotis, 
1997) or may not (e.g., Durlach, 1972; Gilkey, Robinson, & Hanna, 1985) be particularly 
spatial in nature.  So, perhaps it should not be surprising that the impact of spatial 
variability is different for a localization response than it is for a detection response 
Effect of the Masker Fringe 
 As described in the Introduction, Simpson argued that there are two effects of the 
masker fringe: the spatial cuing effect and the onset effect. We observed little, if any, 
effect of masker variability, and so there was limited opportunity to observe a cuing 
effect. Moreover, because of the procedures we used to equalize detectability across 
masker/target configurations, the magnitude of any effect of masker fringe was forced to 
be small. That is, to equalize detectability, we normalized the level for all masker/target 
configurations to produce detectability equivalent to that expect for the M0T0 
configuration. This was done separately for pulsed and fringe conditions.  And so, the 
overall difference we observed between the pulsed and the fringe conditions was about 
equal to the difference we observed between the pulsed and the fringe conditions when 
the masker/target configuration was diotic (M0T0) and fixed across trials. 
However, the onset effect can be observed under the MFTF condition if the 
procedures to equalize detectability are not applied. We observed that the difference 
between Pulsed and Fringe conditions generally increased as the difference between 




condition, which is comparable to the values reported in the binaural detection literature 
(4.8-9.0 dB; McFadden, 1966; Robinson & Trahiotis, 1972, & Yost, 1985). Simpson 
reported an onset effect of 4.8 dB, which was the difference in thresholds between pulsed 
and fringe conditions averaged across all masker/target ITD differences. We observed a 
4.6-dB effect (averaged across the 12 measured masker/target configurations) for similar 
conditions. 
Despite their similarity in magnitude, localization and detection onset effects may 
require different explanations. We consider three possible explanations for the onset 
effect: spatial transition, segregation, and overshoot. 
To explain the substantially larger fringe effect under dichotic, as opposed to 
diotic conditions, McFadden (1966) argued that in the N0Sπ condition the masker fringe 
provides a diotic baseline that becomes dichotic when the target is added, changing the 
auditory image (e.g., causing it to move, widen, or shift its average position). He argued 
that this spatial transition provides an additional, more effective, cue for target detection 
that is not available in a diotic condition (N0S0). However, it is not clear whether such a 
spatial transition cue would be expected to be similarly useful in a localization task.   If 
thought of as simply a detection cue, the argument becomes somewhat circular: changes 
in the spatial parameters of the stimulus lead to better detectability, better detectability 
leads to improved ability to hear out the spatial parameters of the target and thereby 
localize it.  Moreover, whereas the transition McFadden described occurs when a diotic 




Simpson’s study were dichotic. So, in general, the transition will be from dichotic to 
dichotic.  On the other hand, the spatial transition is not likely to be particularly reliable 
as a “direct” localization cue; any movement, widening, or change in the average position 
of the auditory image, could be toward or away from target, depending on the magnitude 
and phase of the noise component at the target frequency   Although, the information in 
such a stimulus clearly forms the basis for the localization judgment, it is not 
immediately obvious that the transition per se is a particularly special or effective cue.  
Another possible explanation for the onset effect is sound source segregation. In 
natural situations, the various components of a new sound stimulus will typically begin 
together. However, the components of two different sound stimuli will typically begin at 
different times. So, two sounds with simultaneous temporal onsets are likely to be 
perceived as a single sound object coming from one source location. Two sounds with 
different onsets are likely to be segregated into two sound objects, which may come from 
different source locations (Bregman & Pinker, 1978). Because the masker fringe 
separates the masker and target onsets temporally, they are more likely to be segregated 
into two objects that are separately localizable than would be the case in the Pulsed 
condition, in which the masker and target have the same onset. However, at low SNRs 
(detection studies) the sounds are unlikely to be segregated, and the target is “heard” as a 
change in the quality, spatial or otherwise, of the masker.  So, segregation seems like a 
viable, if not particularly mechanistic, explanation for the onset effect in a localization 




The final explanation to consider is “overshoot” (Smith & Zwislocki, 1975), 
which is typically used as an explanation for the increase in detectability (i.e., decrease in 
masking) observed in temporal masking experiments when the target onset is delayed 
relative to the masker onset. Although there is substantial neural activity at the onset of a 
new stimulus (e.g., the masker), this activity will decay over time.  As a result, when a 
brief target is presented near the beginning of a long masker, the effective SNR is lower 
than when the same target is presented well after the masker onset. In the current 
experiment, the target onset is simultaneous with the masker onset in the Pulsed condition 
but is delayed in the Fringe condition. That is, the “masker fringe” should act to 
temporally separate the increase in neural activity associated with the target onset from 
the increase in neural activity associated with the masker onset, thereby increasing the 
effective SNR and allowing the target to be more readily detected. The effect in temporal 
masking experiments (i.e., the difference in threshold for brief targets near the beginning 
and end of a long masker) with a 500-Hz to1000-Hz target is about 3-5 dB (Zwicker, 
1965; McFadden, 1988; Simpson, 1995), which overlaps with the range of fringe effects 
(about 5-9 dB) observed in the binaural detection literature (note, the condition in which 
a brief target was presented at the beginning of a long masker in a temporal masking 
experiment is more analogous to a backwards fringe condition. Trahiotis, Dolan, & 
Miller, 1972, found lower threshold in the backwards fringe condition than in the Pulsed 




It seems plausible that a model can be built using the neural explanation of 
overshoot that could be applied to explain both diotic and dichotic onset effects under 
both detection and localization settings. However, it is not completely clear how large the 
impact of overshoot is in dichotic masking conditions. Simpson (1995) observed a 
moderate dichotic overshoot effect (3.0 dB), whereas McFadden (1988) did not report 
any overshoot effect in the dichotic condition. 
Conclusion 
 In summary, our results agree with previous findings in the literature and we were 
unable to resolve the discrepancy in the effects of spatial variability between localization 
and detection studies. We did not observe effects of masker spatial variability similar to 
those observed by Simpson (2011) even when target spatial variability was also present. 
Not surprisingly, given the negligible effect of masker variability, we did not find 
evidence for a spatial cuing effect of the masker fringe. However, we did observe onset 
effects similar to both Simpson and the binaural detection literature. 
It is not immediately clear why we did not observe substantial effects of spatial 
variability. Changes in low frequency ITDs, which we focused on, are the dominant cues 
for localization in the Left/Right dimension, where Simpson (2011) observed the largest 
effects. Perhaps the effects of spatial variability are simply different for localization and 
detection tasks. That is, spatial variability may be less disruptive to cues for detection 




detection and localization settings share the same explanation, but a model based on the 
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Appendix. Preliminary experiment 
In the MVTF, MFTV, and MVTV conditions of the main experiment, the spatial 
separation between the masker and the target varied randomly from trial to trial, and so, 
the detectability of the target also varied, due to the MLD. However, we were interested 
in the impact of spatial variability without the concomitant impact of trial-to-trial 
variations in detectability. Therefore, we conducted a preliminary experiment to estimate 
the target threshold (and MLD) for all spatial configurations for each listener. It was not 
practical to measure the target threshold for all 169 masker/target configurations (13 
masker locations x 13 target locations) employed in this study.  However, this number 
could easily be reduced to 25 by only making measurements for combinations of 5 
locations (1, 4, 7, 10, and 13 in Table 1). These 25 configurations are equally spaced 
across the 13 x 13 set of possible masker/target configurations, such that all unmeasured 
masker/target configurations have target and masker locations that are within one spatial 
position of a measured location. The number of measured masker/target locations could 
be further reduced by noting that in 5 of the 25 configurations, the masker and the target 
are collocated and thus expected to have equal thresholds. Therefore, we only measured 2 
of these collocated configurations. The remaining 20 locations were composed of 10 
pairs of configurations that were symmetric about the median plane and thus expected to 
have equal thresholds.  Therefore, we only measured one member of each pair. 
Thresholds for the 12 measured configurations for one subject are shown in Figure A.1. 




under the Pulsed condition and under the Fringe condition. These estimates were in turn 
used in the main experiment to adjust the target level on each trial in order to maintain 
equal detectability across masker/target spatial configurations. 
The same SIAM procedure as in the main experiment was used to obtain the                 
12 measured thresholds. The stimuli, trial structure, block structure, and session structure 
were the same as in the main experiment.  
Because each of the 12 measured thresholds would be used to estimate the MLD 
for a number of other unmeasured spatial masker/target configurations (as described 
below), it was important that measurements were as accurate as possible. We initially 
conducted 3 adaptive tracks for each of the 12 spatial configurations. If the range of the 3 
thresholds was greater than 3 dB for any configuration, we collected additional adaptive 
tracks for that configuration until there were at least three thresholds within 3 dB of each 
other. Most listeners were able to fulfill these requirements with 3-4 blocks for each 
configuration, no listener exceeded 6 blocks for any configuration. If the overall range of 
the 3-6 measured thresholds for any spatial configuration exceeded 5 dB, we collected 2 
additional tracks of data for that configuration. The overall threshold for each of the 12 
masker/target configurations was calculated as the median of all threshold estimates for 
that configuration (3-8 tracks). Figure A.1 depicts the 169 masker/target configurations; 





Figures A.2-A.5 illustrate the process of generating MLD estimates for the 
unmeasured masker/target spatial configurations. Note, the thresholds for the 12 
measured configurations in Figure A.1 were converted to MLDs in Figures A.2-A.5. As 
stated, we assumed that configurations in which the masker and target were collocated 
would have equal thresholds. The average of the measured thresholds for the M-667T-667 
and M0T0 was used as the threshold estimate for all configurations with collocated 
masker and target (blackened cells on the negative-sloped diagonal in Figure A.2). MLDs 
were calculated by subtracting the threshold of the collocated configurations from 
thresholds of each of the 12 measured configurations. Recall that we also assumed that 
configurations that were symmetric about the median plane would yield equivalent 
results, and so we used the MLDs from the measured configurations as the estimated 
MLDs for corresponding symmetric locations (blackened cells not on the negative-sloped 
diagonal line in Figure A.2).  
The MLDs for the remaining 136 target/masker configurations were estimated by 
linearly interpolating between similar configurations for which the MLDs were known 
(i.e., previously measured or estimated). For example, MLDs for the blackened cells in 
Figure A.3 represent masker/target configurations that were estimated from two known 
configurations that shared the same target location and a masker location that differed by 
one or two spatial positions (or from known configurations that shared the same masker 
location and a target location that differed by one or two spatial positions). For example, 




M-667T-667 (weighed by 2.0) and M-667T-182 (weighed by 1.0). MLDs for the blackened 
cells in Figure A.4 represent masker/target configurations that were estimated from four 
known surrounding configurations that shared the same target location and a masker 
location that differed by one spatial position (or from known configurations that shared 
the same masker location and a target location that differed by one spatial positions). For 
example, to obtain MLD estimate for M-494T-309 we took the average estimate of 
M-667T-309, M-494T-494, M-309T-309, and M-494T-182. Finally, the blackened cells in Figure 
A.5 were calculated using weighted averages of the four surrounding configurations that 
shared the same target location and a masker location that differed by one or two spatial 
positions or shared the same masker location and a target location that differed by one or 
two spatial positions.  For example, to obtain the MLD estimate for M-112T-494, we took 
the weighted average of M-182T-494 (weighed by 2.0), M-112T-667 (weighed by 2.0), M0T-494 

















-667 11.5   4.2         1.2 
-494              
-309              
-182       9.3      0 
-112              
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0 -0.3      11.6   7.7    
56              
112              
182    3.4         2.7 
309              
494              
677    1.6   2.5       
 
Figure A.1. Measured thresholds for 12 selected MFTF configuration in the preliminary 
experiment. Data shown are for listener 1602 in the Fringe condition. Each row 
represents a masker location and each column represents a target location. Black cells 
represent measured configurations and the numbers displayed in the black cells are 


















 -667 -494 -309 -182 -112 -56 0 56 112 182 309 494 667 
-667 0.0   -7.4   -9.1   -10.0   -10.3 
-494  0.0            
-309   0.0           
-182 -8.9   0.0   -2.3   -8.2   -11.6 
-112     0.0         
-56      0.0        
0 -11.9   -3.9   0.0   -3.9   -11.9 
56        0.0      
112         0.0     
182 -11.6   -8.2   -2.3   0.0   -8.9 
309           0.0   
494            0.0  
677 -10.3   -10.0   -9.1   -7.4   0.0 
 
Figure A.2. MLD estimates for configurations in which the target and masker are 
collocated or that are symmetric about the median plane, to measured configurations 
(black cells). Grey cells represent MLDs for configurations that were shown in Figure 


















 -667 -494 -309 -182 -112 -56 0° 56 112 182 309 494 667 
-667 0.0 -2.5 -4.9 -7.4 -7.9 -8.5 -9.1 -9.4 -9.7 -10.0 -10.1 -10.2 -10.3 
-494 -3.0 0.0  -4.9   -6.8   -9.4   -10.7 
-309 -5.9  0.0 -2.5   -4.5   -8.8   -11.1 
-182 -8.9 -5.9 -3.0 0.0 -0.8 -1.5 -2.3 -4.2 -6.2 -8.2 -9.3 -10.4 -11.6 
-112 -9.9   -1.3 0.0  -1.5   -6.7   -11.7 
-56 -10.9   -2.6  0.0 -0.8   -5.3   -11.8 
0° -11.9 -9.2 -6.5 -3.9 -2.6 -1.3 0.0 -1.3 -2.6 -3.9 -6.5 -9.2 -11.9 
56 -11.8   -5.3   -0.8 0.0  -2.6   -10.9 
112 -11.7   -6.7   -1.5  0.0 -1.3   -9.9 
182 -11.6 -10.4 -9.3 -8.2 -6.2 -4.2 -2.3 -1.5 -0.8 0.0 -3.0 -5.9 -8.9 
309 -11.1   -8.8   -4.5   -2.5 0.0  -5.9 
494 -10.7   -9.4   -6.8   -4.9  0.0 -3.0 
677 -10.3 -10.2 -10.1 -10.0 -9.7 -9.4 -9.1 -8.5 -7.9 -7.4 -4.9 -2.5 0.0 
 
Figure A.3. MLD estimates calculated from two known masker/target configurations that 
share the same target location and a masker location that differed by two spatial positions 
or the same masker location and a target location that differed by two spatial positions 
(black cells). Grey cells represent MLDs that were shown in Figure A.2. The format of 

















 -667 -494 -309 -182 -112 -56 0° 56 112 182 309 494 667 
-667 0.0 -2.5 -4.9 -7.4 -7.9 -8.5 -9.1 -9.4 -9.7 -10.0 -10.1 -10.2 -10.3 
-494 -3.0 0.0 -2.5 -4.9   -6.8   -9.4   -10.7 
-309 -5.9 -3.0 0.0 -2.5   -4.5   -8.8   -11.1 
-182 -8.9 -5.9 -3.0 0.0 -0.8 -1.5 -2.3 -4.2 -6.2 -8.2 -9.3 -10.4 -11.6 
-112 -9.9   -1.3 0.0 -1.0 -1.5   -6.7   -11.7 
-56 -10.9   -2.6 -1.3 0.0 -0.8   -5.3   -11.8 
0° -11.9 -9.2 -6.5 -3.9 -2.6 -1.3 0.0 -1.3 -2.6 -3.9 -6.5 -9.2 -11.9 
56 -11.8   -5.3   -0.8 0.0 -1.3 -2.6   -10.9 
112 -11.7   -6.7   -1.5 -0.8 0.0 -1.3   -9.9 
182 -11.6 -10.4 -9.3 -8.2 -6.2 -4.2 -2.3 -1.5 -0.8 0.0 -3.0 -5.9 -8.9 
309 -11.1   -8.8   -4.5   -2.5 0.0 -3.0 -5.9 
494 -10.7   -9.4   -6.8   -4.9 -2.5 0.0 -3.0 
677 -10.3 -10.2 -10.1 -10.0 -9.7 -9.4 -9.1 -8.5 -7.9 -7.4 -4.9 -2.5 0.0 
 
Figure A.4. MLD estimates calculated from four known masker/target configurations that 
shared the same target location and a masker location that differed by one spatial position 
or the same masker location and a target location that differed by one spatial position 
(black cells). Grey cells represent MLDs that were shown in Figure A.3. The format of 


















 -667 -494 -309 -182 -112 -56 0° 56 112 182 309 494 667 
-667 0.0 -2.5 -4.9 -7.4 -7.9 -8.5 -9.1 -9.4 -9.7 -10.0 -10.1 -10.2 -10.3 
-494 -3.0 0.0 -2.5 -4.9 -5.5 -6.2 -6.8 -7.6 -8.5 -9.4 -9.8 -10.3 -10.7 
-309 -5.9 -3.0 0.0 -2.5 -3.1 -3.8 -4.5 -5.9 -7.3 -8.8 -9.5 -10.3 -11.1 
-182 -8.9 -5.9 -3.0 0.0 -0.8 -1.5 -2.3 -4.2 -6.2 -8.2 -9.3 -10.4 -11.6 
-112 -9.9 -7.0 -4.1 -1.3 0.0 -1.0 -1.5 -3.2 -5.0 -6.7 -8.4 -10.0 -11.7 
-56 -10.9 -8.1 -5.3 -2.6 -1.3 0.0 -0.8 -2.3 -3.8 -5.3 -7.4 -9.6 -11.8 
0° -11.9 -9.2 -6.5 -3.9 -2.6 -1.3 0.0 -1.3 -2.6 -3.9 -6.5 -9.2 -11.9 
56 -11.8 -9.6 -7.4 -5.3 -3.8 -2.3 -0.8 0.0 -1.3 -2.6 -5.3 -8.1 -10.9 
112 -11.7 -10.0 -8.4 -6.7 -5.0 -3.2 -1.5 -0.8 0.0 -1.3 -4.1 -7.0 -9.9 
182 -11.6 -10.4 -9.3 -8.2 -6.2 -4.2 -2.3 -1.5 -0.8 0.0 -3.0 -5.9 -8.9 
309 -11.1 -10.3 -9.5 -8.8 -7.3 -5.9 -4.5 -3.8 -3.1 -2.5 0.0 -3.0 -5.9 
494 -10.7 -10.3 -9.8 -9.4 -8.5 -7.6 -6.8 -6.2 -5.5 -4.9 -2.5 0.0 -3.0 
677 -10.3 -10.2 -10.1 -10.0 -9.7 -9.4 -9.1 -8.5 -7.9 -7.4 -4.9 -2.5 0.0 
 
Figure A.5. MLD estimates calculated from four known configurations that shared the 
same target location and a masker location that differed by one or two spatial position or 
the same masker location and a target location that differed by one or two spatial 
positions (black cells). Grey cells represent MLDs that were shown in Figures A.4. The 
format of this figure is the same as previous figures in the Appendix.  
